Using a gravity type model to explain bilateral passenger traffic, this paper estimates the impact of liberalizing air transport services on air passenger flows for a sample of 184 countries. We compare two measures of the overall bilateral degree of air transport liberalization: a newly constructed index of bilateral air transport liberalization involving the judgment of experts as to the importance of each type of regulation and a statistical index we built using factor analysis. Then, we turn to the analysis of the impact on passenger flows of each specific regulation and of each type of agreement, whereby types of agreement are identified using cluster analysis of the existing air service agreements.
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Introduction
Air transport has rapidly expanded in the last few decades. Passenger traffic experienced an average annual increase of about nine per cent between 1960 and 2000 and five per cent between (Hanlon, 2006 and WTO, 2007 . Cargo shipped by air (measured in ton-miles) increased in the period 1997-2004 at an annual growth rate of over 10 per cent. Recent estimates show that air cargo accounts for over one third of the value of world merchandise trade (Hubner and Sauve, 2001) . In particular, for the United States, air transport covers a third of its import value and half of United States' exports outside North America (Hummels, 2007a) .
The reason for this rapid expansion was the decline of air transport costs. Measured in terms of revenue per ton-kilometre, air transport costs dropped by 92 per cent between 1955 and 2004 (Hummels, 2007) . The diffusion of jet engines was the principle factor of this reduction over the period 1955-72, the period when the use of jet engines became widespread. More recently, changes in the regulatory set-up also helped to reduce air transport costs. For example, Micco and Serebrisky (2006) show that between 1990 and 2003 the introduction of the Open Skies Agreements (OSAs) in the US has reduced nominal air cargo transport costs by nine per cent and has increased by seven per cent the share of imports arriving by air within three years after an OSA was signed.
International air transport in general and international passenger transport in particular play a crucial role in the process of international integration and also affect the development of other sectors of an economy. By reducing the time required to reach a distant location, air transport is an important determinant of overall transport costs, especially for trade 2 and travel to distant locations. It is for this reason that air transport is the commonly used means of transport for passengers to reach distant destinations.
Therefore, air passenger transport is essential to the development of the international tourism sector, especially in remote locations. By the same token, air passenger transport is essential to set up and maintain business relationships between distant economies. A number of recent studies have highlighted the importance of movement of people for trade (e.g. Rauch and Trindade, 2002; Herander and Saavedra, 2005 and Jansen and Piermartini, 2008) . People travel to the country they import from in order to establish trade relationships, for example, because they need to find an appropriate supplier. Higher passenger flows between two countries also lower information and enforcement costs, thus fostering trade. In addition, rules and regulation governing passenger traffic are also important for air cargo. In fact, 50 per cent of overall amount of cargo is transported on passenger flights rather than dedicated cargo flights, using the otherwise empty belly space or "combi operations" (OECD, 2000) .
The aim of this paper is to study the impact that air service liberalization has on the aviation industry and to identify which specific provision or which type of air service agreement provide most of the benefits from increased competition. The research is motivated by the observation that the international aviation market is heavily regulated by an intricate web of bilateral air services agreements (ASAs) 3 , that establish the conditions under which air companies operate on each bilateral route. These rules define, for instance, whether airlines can freely set prices, how many airlines can operate on a specific route, and the capacity of flights. Clearly, the degree of liberalization of air transport services between two countries is determined by the specific design of each ASA. Although air service industry has been recently liberalized, through a number of bilateral and regional agreements, substantial restrictions remain. ASAs may not effectively promote competition if a specific restriction stays in the regulatory regime. There is, however, scarce empirical evidence on the impact of liberalization of international air transport service on the industry. Existing research is 2 either limited to a few countries or suffer from important methodological shortcomings. This includes problems of omitted variable bias, collinearity and lack of robustness in the results.
The analysis in this paper focuses on the impact of air service agreements on passenger flow. One reason is that the use of passenger flows as a proxy for the economic performance of the air service sector allows us to work with an extensive database. No worldwide information on the bilateral trade in goods by means of transport exists and the complete database on airfare is extremely expensive. Another reason is that airfares are very volatile, and existing studies based on this variable report a very low fit of the data.
In order to explain air passenger flow, we build on a gravity-type model augmented for the degree of liberalization of air passenger services. This model includes the standard explanatory variables used in gravity models of trade such as distance as well as several variables specific to the aviation market.
In particular, the number of years that each ASA is in force and the existence of a direct service are introduced. The underling idea is that the extent of liberalization is likely to influence the price and the quality of the service offered on a specific route, thus determining the bilateral distribution of passenger traffic. We therefore expect a positive effect of air service liberalization on passenger traffic.
Our contribution to the literature is threefold. First, this is the first paper that assesses the impact of air service trade liberalization for a worldwide sample of countries (184 countries) using indexes of air service liberalization. While existing literature covers at most 35 countries or a specific region, our analysis covers approximately 2300 country-pairs involving 184 countries.
Second, we estimate the impact of the degree of liberalization of bilateral and regional air service agreements (ASAs) on air passengers' traffic by looking at alternative indexes of the overall degree of liberalization. Existing empirical studies (Gonenc and Nicoletti, 2000 and Doove et al., 2001) measured the degree of liberalization by means of an index built using factor analysis. This is a purely statistical technique and assigns the highest weights to the provisions that vary most independently in the database. Recently, the WTO Secretariat (WTO, 2006) has developed an informed index of the degree of liberalization of air services for passenger traffic, whereby different provisions are weighted on the basis of the importance in removing obstacles to trade in air services according to the judgment of experts of the sector. In this paper we use and compare the results of both approaches, factor analysis and expert-based approach, to measure the degree of air service liberalization.
Finally, we analyze how passenger flow is influenced by specific regulations and by types of agreement, whereby types of agreement are identified using cluster analysis of the existing air service agreements.
The re st of the pape r is organised as follows: section 2 re views the lite rature de scribing what measures of air-service barriers to trade have been used as well as the type of analysis that has been performed and the results of this analysis; section 3 introduces the data on worldwide passenger flow and the alternative measures of extent of liberalization of the aviation market. It compares the informed index produced by the WTO Secretariat with the statistical index resulting from factor analysis; section 4 explains the methodological approach; section 5 describes the results; and finally section 6 concludes.
Review of the literature
Very few studies analyse the impact of air service liberalization on the economic performance of the sector and on trade. In general, these studies focus on the impact of air service regulation on airfares, passenger flows or on the share of trade occurring via air. Overall, they tend to find a negative impact 3 of restrictiveness of regulation on the economic performance of the industry (higher fares or less trade). They, however, also present important limitations in the terms of coverage and methodology.
A general shortcoming of the existing literature is that the analysis is conducted on the basis of a small number of countries and routes. For example, Gonenc and Nicoletti (2000) examined the effects of bilateral air service agreements on prices of air passenger transport in thirteen OECD countries. The study was then extended to a number of 35 countries by Doove et al. (2001) . However, this study includes only 11 non-OECD countries. Using the index of air service restrictiveness built by Gonenc and Nicoletti, on the basis of principle component analysis, Doove et al. estimated positive and significant effects of restrictiveness on airfares. The estimated impact (calculated on 1998 airfares data) ranges between 3 and 22 per cent, with larger effects for developing countries than for developed countries. However, the goodness of fit of the estimated equation is very low (the adjusted R-square ranges between 0.2 and 0.4), thus implying that some important variable may be omitted from the regression and that the results may be biased.
A study by Micco and Serebrisky (2004) investigates the impact of US OSAs on airfares and on the share of US imports arriving by air. In this paper, the authors study the impact of OSAs by introducing dummies for the existence of OSAs in the equation of the determinants of airfares and of the share of imports arriving by air. Using this approach, they estimate that for developed and uppermiddle income countries signing OSAs on average reduced air fares by 9 per cent and increased the share of imports arriving by air by 7 per cent three years after the OSA is signed. The results are not significant when middle and low income countries are kept in the sample. One possible reason is that Micco and Serebrisky's analysis does not allow to distinguish the degree of liberalisation introduced by an OSA and the initial level of restrictiveness of air services trade.
The coverage for the analysis of the impact of air service liberalization is expanded to 1400 countrypairs worldwide in a recent study conducted by InterVISTAS-ga (2006) . This study assesses the impact of air traffic liberalisation on trade and other economic measures, including passenger traffic, using two approaches: case studies on bilateral and regional liberalisation and a gravity-type model. The results suggest that air service liberalization increased trade, economic development and passenger traffic. However, InterVISTAS-ga's analysis presents two major methodological shortcomings. First, the gravity-type model for passenger traffic does not include distance among the regressors. Distance is a standard variable in gravity models and a major determinant of transport costs. Because of this omission, the study is most likely to suffer from omitted variable bias. Second, the study only looks at the impact of specific ASAs provisions separately. This is done by introducing in the regressions dummy variables denoting whether the agreement provides the right for stop-over (the so called fifth freedom), price controls, capacity constraints and designation requirements (that is a limit in the number of air companies that can provide a service). Because of collinearity among these dummy variables, the impact of these policies can only be partially assessed and the analysis does not allow the capturing of the overall level of liberalization of each ASA.
Focussing on intra-APEC passenger flow, a recent study (Grosso, 2008) 4 uses a gravity model approach to estimate the impact of intra-APEC air service liberalization on the intra-regional passenger traffic. The study uses the informed index built by the WTO Secretariat (2006) as a measure of the degree of liberalization, but it does not find robustly significant results. In particular, the study doesn't find a significant effect of air service liberalization on regional passenger flow when fixed effects are included in the regression. The theoretical specification of the gravity equation requires that fixed effects are included in the regression to obtain unbiased results (Anderson and van Wincoop, 2004) .
To our knowledge, our is the first paper that assesses the impact of air service trade liberalization for a worldwide sample of countries (184 countries) using indexes of air service liberalization. In addition, this is the first paper that is able to compare a statistical and an informed index of service trade 4 restrictiveness and to provide an understanding of the most effective liberalizing specific policy measures or policy combinations.
Air passengers' traffic flows and liberalization of the aviation market
This section is divided in two subsections. The first subsection describes the distribution of international air passenger traffic across countries worldwide and on the routes covered by international air services agreements. The target is to provide an understanding of the extent of the coverage of the database we use for the empirical analysis.
The second subsection looks at the degree of liberalization of the aviation market. It, first, describes the key features of an air service agreement and provides some statistics on the relative prevalence of different features across agreements. Then, it illustrates and compares two measures of the degree of liberalization. One is the informed index of liberalization built by the WTO Secretariat (WTO, 2006) on the basis of consultations with experts. The second one is the statistical index of liberalization we built using principal component analysis on the basis of the raw data of the agreements.
(a) International air passenger traffic
There were in total 688 million international air passengers worldwide in 2005 according to the IATA statistics for country-pair scheduled passenger traffic. As shown in Table 1 , over 80 per cent of these travelled between two high income countries or between a high income country and a middle income country. 5 The share of international air passenger traffic among low income countries is a mere one per cent of the worldwide scheduled traffic. Although based only on scheduled flights, this is likely to be a good approximation of overall trends in passenger traffic, as scheduled traffic accounts for 85 per cent of total passenger traffic, that is including also charter flights (Gonenc and Nicoletti, 2000) . Hereafter we will refer to scheduled passenger traffic only. Table 1 also shows patterns of passenger traffic between those country-pairs for which we have information on air service agreements in force in 2005 (Hereafter we refer to these agreements as coded ASAs). This is a sample of 2299 country-pairs covering 184 countries and approximately 80 per cent of worldwide international scheduled passenger traffic (545 million passengers out of a total 688 million passengers worldwide). The figures reported in Table 1 show that this sample of countrypairs provides a good representation of the distribution of passenger flow by income group, although there appears to be a certain over-representation of passenger traffic among high income countries. In the sample of country-pairs for which a coded ASA exists, it refers to 61 per cent of traffic, while it represents only 51 per cent of traffic worldwide. 
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The total number of air service agreements in force is unknown. This is mainly due to the fact that there may be potentially a very large number of agreements for countries, between which there is no direct service link 6 . For instance, 57 of the 72 ASAs concluded by Zambia are not coded and there is no direct service operating on the corresponding routes (Mattoo and Payton, 2007) . However, relying on the assumption that for the country-pairs where there is a direct air service link an agreement must exist, it is possible to get an understanding of the relevance of existing information on the agreements in the two cases: when there is a direct service and when there is not. Table 2 , the majority of coded air service agreements refer to country-pairs where a direct service exists (1302 out of 2299). However, the ICAO's WASA database (ICAO, 2005) and the QUASAR database (WTO, 2006 and 2007) cover also air service agreements across countries that are not connected by a direct air service. These represent 997 country-pairs. In addition, just above half of the air service agreements related to country-pairs where a direct service is provided are coded. However, in terms of passenger traffic, the sample of country-pairs with coded ASA information and with a direct service represents 77 per cent of worldwide international air passenger traffic and over 85 per cent of passenger traffic between countries covered by a direct service link. The coverage in terms of passenger traffic of country-pairs not connected by a direct service and for which coded ASA information exists appears much lower in two respects. First, these country-pairs represent only 2 per cent of worldwide passenger traffic. Second, ASA coded country-pairs without a direct service represent only a small share (less than 25 per cent) of the passenger traffic via non-direct routes. To sum up, the country-pairs for which coded information on the ASA exists provide a good coverage of overall worldwide passenger traffic, especially for passengers travelling between countries where a direct service exists. For this reason and because we expect ASA to have a different impact for country-pairs where there is a direct service and where there is not, we also investigate the two cases separately in the empirical analysis.
As shown in
(b)
The degree of liberalization of the aviation market
Measuring the degree of ASAs liberalization is a complex task. In general, very detailed measures of liberalization of air services markets are likely to lead to multicollinearity problems in the regressions. That is, they provide incorrectly insignificant results, due to the high degree of correlation among various indicators of openness. On the other hand, aggregated measures delivers only limited information about the important features in the liberalization process. In addition, the aggregation is to a large extent arbitrary, since a number (or a vector of numbers) has to be associated with each agreement according to some rule, but there are infinitely many ways to define such a rule.
In this section, we adopt three different approaches for measuring liberalization: 1) we propose a series of 0-1 dummy variables each one capturing a specific feature of an ASA; 2) we use an informed 6 index of ASA's degree of liberalization; 3) we build a statistical index of air service liberalization on the basis of factor component analysis. In addition, we point out that relatively few types of agreements exist and they can be easily ranked from the most restrictive to the most liberal.
(i) Key features of air service agreements
ASAs incorporate many features covering a wide range of topics such as aviation security, incident investigation, immigration, control of travel documents and many others. In a recent study, the WTO Secretariat (WTO, 2006) has identified seven features of ASAs as relevant indicators of openness for scheduled air passenger services. These include 7 : a) Grant of rights, that defines the rights to provide air services between the two countries. In particular, the WTO study focuses on the fifth freedom, seventh freedom and cabotage. Fifth freedom is the freedom to carry freight/passengers between two countries by an airline of a third country on a route with origin or destination in its home country. Seventh freedom allows carrying freight/passengers between two countries by an airline of a third country on a route with no connection with its home country. Cabotage i s t h e f r e e d o m t o c a r r y freight/passengers within a country by an airline of another country on a route with origin/destination in its home country; b) Capacity clause, that identifies the regime to determine the capacity of an agreed service.
The capacity regime refers to the volume of traffic, frequency of service and/or aircraft type(s). Sorted from the most restrictive to the most liberal regime, three commonly used capacity clauses are predetermination, Bermuda I and free determination. Predetermination requires that capacity is agreed prior to the service commencement; Bermuda I regime gives limited right to the airlines to set their capacities without a prior governmental approval and free determination finally leaves the capacity determination out of regulatory control; c) Tariff approval that refers to the regime to price air services. The most restrictive regime is that of dual approval, whereby both parties have to approve the tariff before this can be applied. The most liberal regime is free pricing, when prices are not subject to the approval by any party. The semi-liberal regimes are country of origin disapproval (tariffs may be disapproved only by the country of origin), dual disapproval (both countries has to disapprove the tariffs in order to make them ineffective) and zone pricing (the type of control depends on given reference points); d) Withholding that defines the conditions required for the designated airline to operate on a specific route. Restrictive conditions require substantial ownership and effective control, meaning that the designated airline is the "flag carrier" of the country. More liberal regimes are community of interests and principal place of business regimes, when a foreign airline can b e a l s o d e s i g n a t e d . C o m m u n i t y o f i n t e r e s t s r e g i m e s t i l l r e q u i r e s a v e s t e d s u b s t a n t i a l ownership and effective control of the airline in one or more countries that are defined in the agreement, but principal place of business regime removes the substantial ownership requirement and is thus more liberal e) Designation that governs the right to designate one (single designation) or more than one (multiple designation) airline to operate on a route; f) Statistics that provides rules on exchange of statistics between countries or their airlines. If exchange of statistics is (can be) requested, it is an indicator that the parties intend to monitor the performance of each other's airline and is thus viewed as a restrictive feature of an agreement. g) Cooperative arrangements that define the right for the designated airlines to enter into cooperative marketing agreements. This right provides a number of commercial advantages and is thus considered as a liberal feature of an agreement.
7 Table 3 shows the number of agreements where a specific provision appears. It is interesting to notice that the most restrictive regime is usually the most frequent. For instance, dual approval of air tariffs is required in more than 70 per cent of ASAs. Similarly predetermination, substantial ownership and effective control and the request for exchange of statistics are included in most of the agreements. Cooperative arrangements are mostly not allowed as well. 5 th freedom right is included quite often, while 7 th freedom and cabotage are very rare. Different pattern arises only for the designation of airlines, since multiple designation is allowed in more than 60 per cent of agreements. 
(ii) Two Indexes of air service liberalization
Indexes can be built to provide an indication of the overall degree of liberalization introduced by a certain air service agreement. The construction of an index involves the choice of weights to assign to each provision to denote its marginal contribution to liberalization of the aviation market. However, the choice of the weights is arbitrary and infinitely many options exist. In this section we illustrate two alternative approaches: one based on an expertise-knowledge and another one based on the use of factor analysis.
8 An informed index of air service liberalization: the ALI The Air Liberalization Index (ALI) constructed by the WTO Secretariat (WTO, 2006) , is an expertbased index. The weights assigned to the different provisions of air agreements were defined in consultation with a group of experts on aviation industry with the view to capture the relative importance of each provision in liberalizing the sector. The ALI ranges between 0 and 50, where 0 is associated with the most restrictive agreement and 50 denotes the most liberal agreement.
Four different weighting schemes were proposed, thus originating four different indexes. The weighting scheme of the so called standard ALI (ali_standard in Table 4 ) assigns a weight between 0 and 8 to each of the seven components of ASAs. Each of the three other indexes emphasises one specific feature of ASAs, namely the granting of fifth freedom traffic rights, withholding and designation clause. In particular, the ali_5thfreedom assigns a weight of 12 to the 5 th freedom. The ali_ownership assigns a weight of 14 to the provision that allows foreign airlines to service a route if their principal place of business and effective control is in the foreign country. The ali_designation assign a weight two times larger than in the standard ALI to multiple designation. 8 The reason for introducing these alternative indexes is to account for specific geographical and economic factors that may in some circumstances render these provisions more relevant to improve market access.
As shown in Table 4 , the four ALI indexes are highly correlated among themselves, with correlation coefficients and the Spearman rank correlations around 90 per cent or above. 
A Statistical Index: the FA_index
Following the approach of previous empirical literature on air transport services (see Gonenc and Nicoletti, 2000) , we construct an index of air service liberalization by means of factor analysis technique as introduced in Nicoletti et al. (1999) (hereafter we will refer to this index as the FA_index). 9 The FA_index ranges than between 0 and 1 and is increasing in the degree of market liberalization 10 .
Factor analysis involves several steps. First, we need to define the database. There are over 100 provisions in ASAs and most of them do not relate to market access. Following the approach of previous literature and relying on the WTO study on air services agreements (WTO, 2006) , we apply factor analysis to the seven components of the regulatory framework highlighted in the WTO study as relevant to market access. In particular, we apply factor analysis to the database obtained by using the weights given in the ALI standard as a priori weights for the single components of ASAs. In addition, each component is normalized to take values between 0 and 1 (see Table A1 and A2). The bilateral restrictiveness (BRI) used in Gonenc and Nicoletti (2000) and Doove et al. (2001) is based only on 9 four regulatory indicators, namely designation, capacity limitations, pricing regimes and authorisation of charter flights on the route.
The second step of factor analysis consists of extraction of the factors. That is, in this step we identify the number of latent factors needed to represent the database. The result of this extraction is a set of coefficients, called loadings, that show the correlation between each component of the ASA and the latent factor. There is a set of loadings for each factor extracted. The first factor accounts for most of the variance in the data. Subsequent factors account for a smaller and smaller portion of the variance. We adopt the following rule of thumb to select the relevant factors: i) each factor is associated with eigenvalues larger than one; ii) each factor contribute to explain more than 10 per cent of the overall variance of the data; and iii) cumulatively factors contribute to explain more than 60 per cent of the total variance of the data. 11 This step yields us two factors.
The third step consists in the "rotation" of these factors. This transformation is targeted to reduce the number of significant components (those with a loading larger than 0.5) in each factor, in order to allow for an interpretation of the factors. We do not however get a significant reduction in the number of significant components in Factor 1 after rotation.
The results of factor analysis are presented in Table 5 . The first two factors together explain 68 per cent of the overall data variation. Factor 1 accounts individually for more than 50 per cent of data variability. The magnitude of its loadings (in general larger than 0.5) indicates that Factor 1 is highly correlated with all indicators of air service liberalization, but cooperative arrangements (coop). Factor 1 is therefore to be interpreted as an indicator for overall liberal agreements. The detection of one common factor for most of the indicators of liberalization is due to the strong correlation between them (in the range of 30 and 82 per cent). Factor 2 explains only 16 per cent of the data variability. Its main contribution to the overall variance is as an indicator for cooperative arrangements (coop). The final step of the factor analysis is the calculation of the weights needed for the construction of the overall index of liberalization, the FA_index. The approach we use to calculate weights consists in assigning to each component/factor a weight according to the proportion of the variance that is explained by the component/factor. Formally, this is done as follows: Within each factor the weights for the individual components are calculated as the ratio of the squared factor loading and the sum of all squared factor loadings for that factor. The weights associated to each factor are calculated as the 10 ration of the sum of all squared factor loadings related to the factor and the sum of the squared factor loadings related to both factors. Finally, the weigh associated to each component in the FA_index is a weighted average of the weights of each component in the two factors. Algebraically, these weights are calculated as: Weights by individual components are reported in Appendix Table A2 .
In order to compare the FA_index with the ALI, in the last column of Table 5 we report the relative importance of each component of liberalization in the calculations for the ali_standard. Figures show that the in the ali_standard the grant of rights and withholding components have a relative higher weight than in the FA_index, while the opposite is true for statistics and coop. However, overall the ALI (in its four versions) and the FA_index are highly correlated (correlations coefficients are always over 93 per cent). The Spearman correlation coefficient, based on the countries-pair ranking, is somewhat lower, but still over 84 per cent in all cases. These results are robust to running factor analysis on dummy variables related to 19 individual provisions of ASAs and on alternative sample sizes. Finally, our FA_index is broadly consistent with the index of bilateral restrictiveness (the BRI) calculated by Gonenc and Nicoletti (2000) . The correlation coefficient between the indexes BRI index and ali_standard (FA_index) is -0.88 (-0.84). The negative sign is because the ALI and the FA_index denote the degree of liberalization while BRI is a measure of restrictiveness of air services.
(iii)
How deep is air-transport service liberalization Table 3 above showed that restrictive regimes are very frequent in the design of ASAs. But, we were not able to assess the overall degree of liberalization of ASAs. What is the pattern and the extent of liberalization that emerges from the distribution of the indexes? To sum up, overall bilateral air service agreements seem to provide a minor contribution to the degree of liberalization of the aviation market. The extent of liberalization appears to be linked to the average level of income of the countries involved in the specific agreement. High degree of liberalization is achieved only among high income countries, while ASAs between low income countries are in general restrictive.
The empirical model
In order to assess the impact of air traffic liberalization on international air passenger traffic, we estimate a gravity type model of the bilateral passenger flow between city pairs. The gravity model originally inspired by Newton's gravity law is widely used in social sciences to describe spatial flows. The gravity model is the workhorse model to analyze international trade flows 12 , but it is also used to describe migration flows 13 and trip distribution in general. The analogy with the physical law of gravity derives from the fact that the interaction between two locations depend on some elements of mass and distance.
Using data on the overall number of passengers between two countries for a cross section of 2299 country-pairs, covering 184 countries for the year 2005, we estimate a gravity type model augmented for the degree of regulatory liberalization of air passenger services.
The basic empirical specification of the equation we estimate is the following:
(1) ln(PassengerTraffic) ij = + 1 ln(distance) ij + 2 border + 3 colony + 4 language + 5 ln(GDPpc i *GDPpc j ) + 6 ln(pop i *pop j ) + 7 ln(remoteness i *remoteness j ) + 8 low_income ij + 9 ln(trade) ij + 10 direct_service ij + 11 air_liberalization ij + 12 ASA_age ij + ij where ij is the error term, the symbol ln denotes logarithms. PassengerTraffic is the total number of passengers traveling on a route. This is calculated as the sum of passenger flying from i to j and from j to i.
The focus of this study is on the air_liberalization. We expect that the higher the degree of liberalization of air passengers services the higher is passenger traffic. The reason is that the liberalization of air services provided on a route, by allowing for more competition, is likely to either reduce air fares or to improve the quality of the services offered on that route. As a consequence, this would lead to higher demand for the services and therefore flows of passengers. As a measure for air_liberalization we use the measures introduced in section 3.
The other variables in equation (1) are the standard gravity regressors and some control variables specific to air services trade. In particular, the variables distance, border, colony and language are the standard gravity model regressors in the empirical trade literature denoting the distance in km between the most populated cities in countries i and j, whether countries i and j share a common border, a colonial link or a common official language, respectively.
Like in a standard gravity equation, we expect that passenger traffic is negatively affected by distance. Distance is a proxy of the cost of travel, including in terms of the time required to reach destination. So it has to be expected that traffic between two countries is lower the further away the countries are from each other. Recent developments on the theoretical foundations of the gravity model for trade have showed that it is not absolute trade costs but relative trade costs that matter to determine the distribution of bilateral trade. In their paper, Anderson and van Wincoop (2003) show that bilateral trade is a function of bilateral trade costs and two multilateral resistance terms. As a measure of bilateral trade in air transport services, passenger traffic will also be determined by relative trade costs. In order to take relative trade costs into account we introduce remoteness as a regressor in our empirical model. Following standard practice (see Head, 2003) , we measure remoteness as the GDP 12 Recent literature has provided theoretical foundations for the gravity model equation applied to trade flows on the basis of models of intra-industry trade and models of trade with heterogeneous firms (see Anderson and van Wincoop, 2003 and Helpman et al. 2008 ). But, "just about any plausible model of trade would yield something very like the gravity equation (Deardoff, 1998) . 13 For recent applications of gravity models to migration models see Herander and Saavedra (2005) and Jansen and Piermartini (2008) . 13 weighted average of the bilateral distances between each country and the rest of the world, that is remoteness j ji j i i distance GDP .
In addition, we expect cultural vicinity to increase passenger traffic between two countries. Like in the common practice in trade-related gravity models, we capture cultural proximity with the dummies for common colonial link (colony) and common language (language) and we expect these variables to have a positive impact on passenger traffic.
In the gravity models applied to trade flows, the dummy indicating whether two countries are adjacent (border) is in general estimated to be positive and significant. Instead, in the case of air transport services, we expect a negative impact of adjacency on the volume of passenger traffic. The reason is that the existence of a common border indicates the higher likelihood to use means of transport alternative to air transport (e.g. rail and road transport) to travel between these two countries than between two countries that do not share a border. In other words, substitutability between alternative means of transport is higher between nearby (adjacent) countries. Clearly, one reason is that the time required to reach the adjacent country is sufficiently low. An average person would not consider travelling by car from North of Canada to South of Argentina, while she/he may consider driving from North of Italy to Switzerland. The higher substitutability between air and road/rail transport among adjacent countries implies average lower transport costs between two countries and therefore more trade in goods, but it also implies a lower propensity to travel by air transport in favor of cheaper means of transport and therefore less trade in international air services.
As far as those measures of the gravity model that relate to the mass are concerned, we use GDP per capita (denoted by GDPpc) and population (pop) as proxies for country sizes. Both variables are commonly used in the trade-related gravity-type literature. We expect both variables to have a positive impact on passenger traffic. Clearly, the larger the population of two countries, the higher, everything else given, is the volume of passengers between these countries. In addition, a higher average level of income will make financially more viable the use of air transport and it is also likely to proxy better quality of air infrastructure. GDP per capita and air quality infrastructure are in fact highly correlated.
We augment the standard gravity model with a number of additional variables that are meant to capture characteristics specific to the demand for air transport services. These include: (i) the variable low_income (this is a dummy equal 1 if one and only one country in the pair is a low-income country) that is meant to capture the relatively low attractiveness of low income countries for passengers from other countries; (ii) total bilateral trade flows (trade), defined as the sum of bilateral exports and imports, in equation (1). We expect bilateral passenger traffic to be higher between countries that have a more important trade flow at least in two ways. First, trade relations in general increase the need for face to face communication with trade partners. Second, cargo is very often carried together with passengers; (iii) a dummy called direct_service that is 1 if a direct service exists (this variable denotes mainly non-stop flights, but flights with a stop-over are also included). We expect a positive coefficient for this variable since the cost in terms of time and ease of travel is less when there is a direct flight between two locations; and (iv) the number of years (ASA_age) since the first ASA has entered into force in order to control for the length of the ASA relationship. This variable attempts to account for the effective implementation of the agreement and the more likely realization of its procompetition effects. We expect this variable to positively affect passenger flows.
As discussed above, in equation (1) we use remoteness to proxy for the multilateral resistance terms and capture the fact that bilateral trip distribution is a function of relative rather than absolute costs. As an alternative approach, Anderson and van Wincoop (2003) suggest to estimate the gravity model using country fixed effects to obtain unbiased estimates. This approach allows taking into account any country specific factor that explain differences in passenger volumes and that we may have omitted in equation (1). However, because of collinearity, we can no longer estimate the effect on bilateral passenger traffic of those variables that are country specific (such as GDP per capita, population and remoteness). We can only estimate the impact of those factors that are route-specific.
14 The resulting equation is then:
(2) ln(PassengerTraffic) ij = + 1 ln(distance) ij + 2 border + 3 colony + 4 language + 8 low_income ij + 9 ln(trade) ij + 10 direct_service ij + 11 air_liberalization ij + 12 ASA_age ij + i i D i + j j D j + i i D i *direct_service ij + j j D j * direct_service ij + ij , where Di denotes a dummy that is 1 for country i.
We estimate equation (1) and (2) using OLS, Tobit and Poisson estimation techniques and report the results in the next section. Tobit and Poisson methods take into account also zero passenger traffic and Poisson estimation also models heteroscedasticity in the data (Silva and Tenreyro, 2006) .
Equations 1 and 2 are estimated for three samples: the full sample, the sample of country-pairs that are connected by a direct air service and that of country-pairs between which there are only indirect connections. Several reasons justify this distinction. First, our database provides a much larger coverage of country-pairs with direct flights (85 per cent covered) than country-pairs without direct flights (25 per cent covered). Second, our database does not allow to properly account for the regimes governing air services operating between two countries that are not linked by a direct services. When a direct service between two countries exists, we can reasonably assume that bilateral passenger traffic is regulated on the basis of the bilateral agreement signed by the two countries. In fact, case studies suggest that the number of passengers traveling via indirect routes when a direct service exists is a small percentage of total passenger flows. In contrast, when there is not a direct flight, the degree of air service liberalization defined in the agreement between two countries does not represent the conditions under which airlines operating the indirect connection work. To the extent that passengers from country A to country B travel via country C (unknown), the relevant ASAs are those between A and C and B and C. But, we cannot take this into account in the analysis. Finally, the role that standard variables of the gravity model (such as border and distance) play in explaining bilateral passenger flows may differ across samples. For instance, we may expect a larger negative effect of sharing a common border on passenger traffic between two countries without direct services than between countries connected by a direct service. The reason is that between countries without a direct service, the substitutability between air transport and other means of transport is stronger than between countries with a direct service link. Since indirect connections are more costly in terms of time required for travelling between two locations than direct connections, air transport via indirect connection is relatively less convenient than other means of transport in countries that share a border relative to non contiguous countries. Another example is that of distance. In the gravity model passenger flows between country A and country B is negatively correlated to the distance between the two countries. However, the distance between A and B is less than the effective distance covered by an indirect flight via country C. In particular, effective distance is likely to increase more than proportionally to the increase of direct distance between A and B. Therefore, distance will be a relatively more important determinant of passenger flows in the sample of countries connected through indirect services.
Data Sources
Data on distance, common border, common colonial link and common language were obtained from the CEPII database. Measures of the size of the economy such as GDP per capita, population and remoteness are based on the World Bank World Development Indicators' (WDI) database. Trade data are extracted from UN Comtrade database. Data on passenger traffic and the existence of direct services between two countries are from the International Aviation Transport Association (IATA). Information on the agreements and the number of years since they were first signed are from World Air Service Agreements (WASA) database provided by ICAO (ICAO, 2005) . This database covers 2000 bilateral air service agreements. Information on regional agreements is obtained from QUASAR database (WTO, 2007) . In particular, we include the Air Transport Agreement between EU and Switzerland and the Agreement on the European Economic Area involving the EU countries, Norway, Iceland and Liechtenstein 14 . We ignore other regional agreements because their effective implementation is improbable (see WTO (2007) , Add. 2, Introduction for more details). The informed index of air transport liberalization, the ALI, is from the QUASAR database (WTO, 2006 and 2007) .
The results
In this section we present the results of our estimations. The section is divided in two parts. In the first part, we present the results obtained using measures of the overall degree of liberalization introduced by bilateral air service agreements. In the second part, we focus on the legal test and analyse the impact of individual provisions and of specific types of agreements. Table 6 reports the estimates of the gravity model specified in equation (1) and (2). Results are presented for different estimation techniques: OLS, Tobit and Poisson. To account for heteroscedasticity, we run regressions with robust standard errors. Table 6 refers to estimations for the full sample of observations where information on ASA is coded. Iraq is dropped from the sample as data for flights from and to Iraq appears to be unreliable 15 .
(a) Evidence based on the overall degree of liberalization of the aviation market
All coefficients of the explanatory variables have the expected sign and are significant. As expected, the number of passengers decreases with distance and increases with the size of the economy (i.e. with population or GDP per capita). Ceteris paribus, air passengers between countries that share a common border is less than between non adjacent countries. The existence of a direct service increases the flow of air passengers between two countries by approximately 6 times. Similarly, the sharing of common colonial links, a common language and the existence of an intensive trading activity are all factors that explain higher flows of passengers between two countries.
Turning to the role of liberalization of aviation markets, Table 6 reports the results based on the index of liberalization developed by the WTO Secretariat, the standard ALI (ali_standard). The results show a positive and, in general, significant effect of liberalization on passengers flows (the coefficient for ali_standard is not significant only in regressions without fixed effects, where there may be a bias due to omission of significant variable). In particular, an increase in the degree of liberalization as measured by the ali_standard from the 25 th percentile (when ali_standard = 6) to the 75 th percentile (when ali_standard = 15) is estimated to increase traffic volumes by approximately 5 to 6 per cent according to OLS and Tobit estimations with fixed effects, respectively, and by 10 per cent according to estimations obtained using Poisson and fixed effects. We also tend to find a positive and significant coefficient for the number of years since the first air service agreement was signed. This is in line with the prediction that the more years an agreement has been in place the more likely is that the legal provisions have been effective to liberalize. Agreements with ASA_age of 41 years (75 th percentile) are related on average to traffic volumes around 20 per cent higher than those with ASA_age of 12 years (25 th percentile). -0.50*** -0.70*** -0.47*** -0.66*** -0.50*** -0.71*** -0.37*** -0.33*** (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) direct_service 1.96*** 4.80*** 1.95*** 4.85*** 1.96*** 6.78*** 1.28*** 7.08*** (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) low_income -0.37*** -0.22** -0.38*** -0.23** -0.36*** -0.15 -0.27** -0.32** (0.00) (0.04) (0.00) (0.04) (0.00) (0.16) (0.03) (0.01) border -0.49*** -0.57*** -0.51*** -0.57*** -0.56*** -0.60*** -0.68*** -0.58*** (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00) l_trade 0.31*** 0.27*** 0.31*** 0.27*** 0.33*** 0.25*** 0.51*** 0.69*** (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) colony 0.60*** 0.39*** 0.60*** 0.40*** 0.60*** 0.40*** 0.72*** 0.34*** (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) language 0.68*** 0.55*** 0.65*** 0.54*** 0.67*** 0.58*** 0.37** 0.17* (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.07) lp_GDPpc 0.33*** 0.32*** 0.32*** 0.19*** (0.00) (0.00) (0.00) (0.00) lp_pop 0.32*** 0.31*** 0.30*** 0.25*** (0.00) (0.00) (0.00) (0.00) lp_remoteness 0.66*** 0.74*** 0.75*** 0.73*** (0.00) (0.00) (0.00) (0.00) ASA_age 0.0099*** 0.0061*** 0.010*** 0.0067*** 0.0044 0.0014 (0.00) (0.00) (0.00) (0.00) (0.27) (0.66) ali_standard 0.0024 0.0067** 0.0012 0.0057** 0.018*** 0.011*** (0 Table 7 shows the results for the estimations of the gravity model for two sub-samples: that of country-pairs with existing direct services and that of country-pairs for which a direct service does not exist. The table only reports the results for the regressions including fixed effects for the Poisson and the Tobit regressions. Since there are no-zero passenger flows between country-pairs where a direct service link exists, we do not run Tobit estimations in this case. The results for the sample with direct services confirm that an increase in the degree of liberalization increases bilateral passenger flows. In particular, an increase in ali_standard from the 25th percentile (when ali_standard = 6) to the 75th percentile (when ali_standard = 34 16 ) corresponds to an increase in traffic volumes by approximately 18 per cent (according to the OLS estimations with fixed effects). In contrast, we do not find a significant impact of the degree of liberalization of air service agreement for the country-pairs without direct services. As discussed above, this is not surprising as the agreement signed by two countries between which there is not a direct service is not the relevant agreement for passenger traffic.
There are few other interesting differences in the results for the two sub-samples of country-pairs with and without a direct service. One is that we find a stronger negative impact of sharing a common border on passenger flows for the sample without existing direct services than for that with a direct service. A plausible reason is that if there is not a direct service between two adjacent countries, people will be more likely to choose to travel by other means of transport, such us road or railways. Another difference is the higher coefficient (in absolute terms) for distance. That is, an increase in distance reduces passenger flows more between countries without a direct service than between countries with a direct service. As discussed above, this may be due to the fact that the actual distance covered by the indirect flight increases more than proportionally than the geographical distance between two countries. Overall, the gravity model explains an important proportion of the variance of the data. In the OLS regressions (Table 6 and 7), the adjusted R 2 ranges between 55 and 89 per cent of overall variance. A comparison between the results for the regressions with and without fixed effects shows the importance of country heterogeneity in explaining overall variance (for example in Table 7 , the R 2 increases from 0.68 to 0.79). The pseudo R 2 presented for Tobit and Poisson regressions cannot be interpreted as proportion of the explained variance by the model, but they also suggest the importance of fixed effects in the model.
In addition, results appear robust across different estimation techniques. That is, when we allow to account for the existence of zero passengers flows (Tobit and Poisson) and alternative hypothesis on types of heteroscedasticity (OLS and Poisson with robust standard errors). The Poisson technique however appears to be inappropriate leading to biased coefficients, since it assumes that the variance increases proportionally to the mean, but this cannot be observed in our data. Hence, further results presented will rely on the OLS estimation with fixed effects.
Results are also robust to the use of different indexes for the overall degree of liberalization introduced by air service agreements. Table 8 shows the estimations for the four versions of the ALI and the FA_index. For all measures, for the full sample and in the sub-sample of country-pairs with direct services, the flow of passengers between two countries is positively and significantly correlated with the degree of liberalization of air transport services. The different magnitude of the coefficients for the ALI measures and the FA_index is explained by the scale of the indexes (all versions of the ALI range between 0 and 50, while the FA_index takes values between 0 and 1). When this is taken into account, the effects implied by similar liberalization policies are consistent. That is, for example, on the basis of the estimations obtained using the FA_index, an increase in degree of liberalization from the 25 th percentile (FA_index = 0.08) to the 75 th percentile (FA_index = 0.73) is estimated to increase traffic volumes between country-pairs with a direct service by 19 per cent. This is very similar to the predicted 18 per cent estimated using the ali_standard. To sum up, there is robust evidence that liberalization in the aviation market increases passenger flows. The effect is driven by those agreements signed between countries where there is a direct service. There is in general not a significant effect of signing more liberal air services agreements on passenger flows between countries that are not serviced by a direct connection. The reason is quite intuitive: passenger traffic between countries without a direct flight is not regulated by the agreement signed by the two countries, but by the agreements signed by the countries involved in the indirect route. Only the provision for fifth freedom appears to play a role in this case (ali_5thfreedom presents a significant coefficient). One possible explanation may be that the right for 5 th freedom makes it easier to introduce a direct service between countries without an existing direct service, thus increasing competition (in the way of contestable markets) on indirect routes.
(b) Evidence on the impact of individual provisions
Being an overall measure of the degree of liberalization, indexes do not provide an understanding of which provision has the largest impact on passenger flows. It is very difficult to disentangle the effect of each provision on passengers flow, because of the high correlation among provisions. In order to shed some light on this, we also run gravity-type regressions for each component of the air service agreements. Table 9 shows the results of these regressions for the full sample and for the two subsamples with and without existing direct services. 17 The table shows that several provisions have a significant effect on passenger traffic for the country-pairs with direct services. But, apart from 5 th freedom there is no ASA provision that is correlated to passenger flows. In particular, cabotage, free determination of capacity, free pricing, multiple designation and no requirement for statistical exchange show up with a positive and significant coefficient, thus implying a positive relationship with passenger traffic. On the contrary, substantial ownership and effective control as well as the requirement of country of origin disapproval as to the pricing regime are associated to lower passenger flows. In order to address the issue of multicollinearity and understand which existing legal type of agreement is more liberalizing in the sense that it increases passengers flow the most, we turn to 20 cluster analysis. Agreements are combinations of provisions. The overall effect of an agreement will depend on its specific design. Cluster analysis is a suitable tool to distinguish different types of agreements, because it classifies objects into different groups (clusters) according to their "similarity". In the analysis that follows, we use agglomerative hierarchical cluster analysis (see Härdle and Simar, 2003 ) that takes each observation as a separate cluster at the beginning and merges them successively into larger and larger clusters.
Using the components that are significant at the 5 per cent significance level in Table 9 (cabotage, free determination, free pricing, substantial ownership and effective control and multiple designation) as distinguishing features for the cluster analysis, the first level of aggregation reveals ten different types of existing agreements relevant for the country-pairs with existing direct services 18 . Table 10 part (1) displays these types ordered from the most restrictive to the most liberal type. In the Table they are identified as C1-C10 and the presence or the absence of a certain feature is denoted by a Yes or a No, respectively. Provisions are defined in a way that their presence (a Yes) denotes a liberal feature in the agreement. For example, no substantial ownership and effective control means the presence of the other two possible ownership regimes. Three types of agreements related to clusters C1, C4 and C9 are very frequent and account together for more than 90 per cent of the ASAs. (3) refer each to a one-sided t-test of null hypothesis that the coefficient of interest is smaller or equal to the coefficient more to the left (i.e. 0 in case of the reference group). Using the gravity model to explain bilateral passengers flow, we estimate the impact of different types of agreement by adding to the standards explanatory variables ten dummies, one for each type of agreement. Table 10 part (2) shows the results of the regressions. The agreements falling in clusters C3, C4, C9 and C10 are the only clusters that appear to have a positive and significant effect on passengers flow. These results suggest two important conclusions. First, they indicate that ASAs that introduce multiple designation have a positive impact on passengers flow. The significant coefficient for cluster C3 is hard to generalise as it only refers to one observation, but it points at the importance of setting up a regime that does not require substantial ownership of airlines. This is in line with the perception of industry commentators that have identified national ownership rules (as well as merger policy and airport pricing) as one of the most important factor in limiting adjustments in the international air transport industry (Findlay and Round, 2006) . Second, a part from multiple 21 designation, ASAs need to include free determination, free pricing and no substantial ownership, if they have to have a significant impact on passengers flows.
We also investigate higher levels of cluster aggregation. When only three clusters are distinguished, where the first cluster includes the most restrictive types of agreements (namely, C1, C2 and C3) characterised by single designation, the second cluster includes semi-liberal types of agreements (namely, C4-C7) characterised by multiple designation and the third cluster incorporating the most liberal types, namely C9 and C10. Table 10 part (3) shows the results of the regressions for these three clusters. We find a stronger impact on trade for the more liberal types of agreements. Countries that signed agreements involving multiple designation have approximately 11 per cent more bilateral passenger traffic than countries, where multiple designation is not allowed. The introduction of free determination, free pricing and relaxation of substantial ownership as well as effective control in addition to multiple designation boosts passenger traffic by roughly 41 per cent.
Conclusions
International air passenger transport is an important factor in facilitating trade and development of other sectors of an economy (such as tourism). The airline industry transport passengers both on scheduled and charter flights, but scheduled transportation account for about 85 per cent of passenger traffic (Gonenc and Nicoletti, 2000) . The industry has been highly regulated both domestically and internationally, with governments setting conditions ownership, capacity and fares. Declared policy objectives include safety, national prestige and regional development. But the outcome of this regulation has been a highly restrictive global aviation market.
In the last 30 years countries have undertaken a process of liberalization of the industry. This has taken place mainly through bilateral air service agreements and few regional agreements. Some 3500 agreements have been signed involving more than 180 countries. Little progress has been made at the multilateral level. At the exception of aircraft repair and maintenance services, selling and marketing of air transport services and computer reservation system services, "core" air transport services remain excluded from GATS.
It is very difficult to get a measure of the degree of liberalization introduced by this plethora of ASAs.
Recently, the WTO Secretariat has developed an index of bilateral air service liberalization based on consultations with industry experts. This is the first available index covering a wide range of bilateral agreements (involving over 180 countries) and it is the only informed index available for the industry. Previously developed indexes were developed through statistical techniques and cover at best 35 countries.
In order to assess the effective degree of liberalization of the aviation market introduced by bilateral air service agreements, this paper uses the index built by the WTO Secretariat and additionally builds a statistical index (by means of factor analysis) that cover the same range of countries. In particular, few studies look at the impact of regulation on industry performance. By exploring the impact of air service liberalization of passenger traffic this paper fills this gap.
We find robust evidence of a positive and significant relationship between the passenger traffic and the degree of liberalization (in terms of market access conditions) of the aviation market. As has to be expected, liberalization is found to have a stronger impact for countries connected by a direct service than for country-pairs without a direct service link. In particular, we estimate that increasing the degree of liberalization from 25 th to 75 th percentile increases traffic by 18 per cent.
We are also able to explore the contribution that specific provisions have on passenger flows. We find that switching from single to multiple designation is associated with an increase in traffic volumes by 11 per cent. Furthermore, the additional introduction of free pricing together with free determination of capacity and liberal ownership regimes increases traffic by an additional 41 per cent.
As far as agreements between countries that are not linked by a direct air service are concerned, we find, consistently with the theory of contestable markets, some evidence that 5 th freedom right has a significant and positive effect on passengers flows.
In conclusion, we find evidence that regional and bilateral air service agreements have extended air services to a broader consumer base. However, there is a very heterogeneous degree of liberalization of air service agreements and most bilateral air services tend to be restrictive. The highest levels of libe ralization are re ached in the conte xt of re gional agreements. In this conte xt a m ultilate ral agreement would be likely to foster the creation of a global aviation market and network optimization by carriers. 
